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Dive r se  subst i tuents  in the 2-  and 6-posi t ions  of pyry l ium and se lenapyry l ium sa l t s  do not 
have a substant ia l  effect  on the yie lds  in the pyry la t ion  of dimethylani l ine and 1 -methy l in -  
dole. The cyc lopropenyla t ion  and t r ipyla t ion  of these  compounds under  conditions s i m i l a r  
to those  in the pyry la t ion  reac t ion  were  studied; this s tudy makes  it poss ib le  to c o m p a r e  
these  th ree  reac t ions .  

T h e r e  a r e  an e x t r e m e l y  la rge  number  of methods for  the introduction of subst i tuents  into the ring of 
py ry l ium sa l t s  and o ther  he t e roa roma t i c  cat ions (for example ,  see  [1]). The pyry la t ion  reac t ion  [2, 3] opens 
up b road  poss ib i l i t i es  for  t r a n s f o r m a t i o n s  of this sor t .  We have invest igated this r eac t ion  in the case  of the 
reac t ion  of some 2,6-di(alkyl ,  a ry l ) - subs t i t u t ed  pyry l ium sa l t s  with 1-methyl indole  and dimethylani l ine.  It 
was  found that the reac t ion  is genera l  in c h a r a c t e r  and makes  it poss ib le  to widely v a r y  the subst i tuents  in 
the 2-  and 6-pos i t ions  of the pyry l ium cations.  The reac t ion  p roceeds  through the in te rmedia te  fo rmat ion  
of a 4 -subs t i tu ted  4H-pyran  with subsequent  dehydrogenat ion by the s ta r t ing  pyry l ium sal t  [2] v ia the  scheme  

R R 

R R R ~ "~0 / ~R R / ' < O / ' R  R \ R  

X- • 

A comparison of the yields of final products (see Table 1) shows that the snbstituents of the starting 
pyry l ium sa l t  do not have a subs tant ia l  effect  on the react ion,  although dimethylani l ine is pyry la ted  to a 
somewhat  l e s s e r  extent than methylindole when the re  a r e  e l ec t ron-donor  subst i tuents  in the a r o m a t i c  ca -  
tion. We were  unable to isola te  2 ,6 -d ime thy l -4 - (p -d ime thy laminopheny l )pyry l ium perch lo ra te ,  probably 
because  of the fo rmat ion  of a mix ture  of this sa l t  with its d ipe rch lo ra te  (salt fo rma t ion  a t  the d imethyl -  
amino group).  This  was indirect ly  conf i rmed  by the fact  that the d ipe rch lo ra te  of the 2 , 6 - d i - t e r t - b u t y l - 4 -  
(p-d imethylaminophenyl )pyry l ium sal t  was  identified in the r ec rys t a l l i z a t i on  of it f r o m  acet ic  acid in the 
p r e s e n c e  of HC1Q. 2 ,6-Diphenyl th iapyry l ium pe rch lo ra t e  s i m i l a r l y  undergoes th iapyryla t ion  [4]. We 
a s c e r t a i n e d  that 2 ,6 -d ipheny lse lenapyry l ium pe rch lo ra t e  a lso  read i ly  r e ac t s  with 1-methyl indole  and di-  
methylani l ine  to give se l enapyry l ium sa l t s  when mix tu res  of the reagen ts  a r e  heated sl ightly (see Table  1). 

S imi lar  r e s u l t s  were  obtained fo r  nonbenzoid a r o m a t i c  s y s t e m s  - cyclopropenyl ium and t ropyl ium 
sa l t s .  The reac t ion  of the t r iphenylcyc lopropenyl ium cation with a r o m a t i c  compounds was desc r ibed  in [5]. 
However ,  the t e t r a subs t i tu t ed  cyc lopropenes  obtained could not be conver ted  to new cyc lopropenyl inm sa l t s .  
It might  be a s s u m e d  that the use of the disubst i tuted cyclopropenyl ium cation in this reac t ion  would lead to 
t r i subs t i tu ted  cyc lopropenyl ium sa l t s  with a new subst i tuent  cor responding  to the nucleophile used. Ex-  
cess  s ta r t ing  cyc lopropenyl ium ion (in which case  the reac t ion  p roceeds  in one step) or  even t r i ty l  p e r -  
ch lora te ,  which r eac t s  with the resul t ing  cyclopropene,  may  s e r v e  as hydr ide- ion  accep to r s  in this case .  
In fact ,  r eac t ion  of dimethylani l ine with diphenylcyclopropenyl ium perch lo ra te  in ace ton i t r i l e  g ives  1 ,2-d i -  
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phenyl -3- (p-d imethylaminophenyl )cyc lopropene .  The l a t t e r  can be conver ted  to a cyc lopropenyl ium p e r -  
ch lora te  by means  of t r iphenylmethyl  pe rch io ra t e .  

~ {cnp~ / s ( c ~ p ~  ~. (cN~)2 

N ( C H 3 ) 2  l !  f f  + _ "~ 

�9 6 5 6 5 6 5 6 5 6 5 6 5,- 

c l o ;  no7 

Diphenylcyclopropenyl ium pe reh lo ra t e  r e a c t s  with 1-methyl indole  to give  a mix tu re  of indolyl-subst i tu ted 
cyc lopropenyl ium sa l t s  and cyclopropene.  The la t t e r  is conver ted  to the cat ion by  split t ing out of a hydride 
ion by the act ion of t r i ty l  pe rch lo ra t e .  It is c l ea r  that  the split t ing out of a hydride ion f r o m  the i n t e r m e -  
diate indolylcyclopropene in the cyclopropeny!a t ion  of indole is r ea l i zed  by excess  s ta r t ing  diphenylcyclo-  
p ropeny l ium ion because  of the g r e a t e r  e l ec t ron -donor  c h a r a c t e r  of indole as compa red  with d imethylani -  
line. At the s a m e  t ime,  a l m o s t  comple te  t ropyla t ion  of indole occu r s  in the reac t ion  of t r ipy l ium perch lo -  
ra te  with 1-methyl indole .  This indicates the g r e a t e r  e lec t rophi l ic  c h a r a c t e r  of the t ropy l ium cation as  
c o m p a r e d  with the cyc lopropenyl ium cation. Thus,  the e lec t roph i l i c i ty  d e c r e a s e s  in the following order :  
h e t e r o a r o m a t i c  cations (pyrylium, th iapyry l ium,  and se l enapyry l ium sal ts) ,  t ropy l ium cation, and cyc lop ro -  
penyl ium cation. 

1 ,2 -Dipheny l -3 - (1 -methy l -3 - indo ly l )cyc lopropeny l ium pe rch lo ra t e  is a l so  obtained by reac t ion  of di-  
phenylcyclopropenone with 1-methyl indole  in the p r e s e n c e  of POCI~. 

The intense bands at 1600-1630 and 1400-1500 c m  -1 and e the r  bands (according to [6]) in the IR spec -  
t r a  of h e t e r o a r o m a t i c  cations conf i rm the s t ruc tu re  of the he te rocyc les  (Table 1). The indolyl- and p -d i -  
methy laminophenylcyc lopropenyl ium pe rch lo ra t e s  a r e  c h a r a c t e r i z e d  by IR bands a t  3130-3145 and 1410- 
1430 cm -I  (according to [7, 8]). A number  of bands at  1610, 1515, 1450, and 1100 e m  - I  conf i rm the p r e s -  
ence of a r o m a t i c  and indole subst i tuents  and the CIO~ anion. A compar i son  of the IR spec t r a  of unsubst i -  
tuted [9] and indolyl -subst i tu ted  t ropy l ium cat ions makes  it poss ib le  to isolate  the mos t  c h a r a c t e r i s t i c  
bands pecu l ia r  to these  compounds (650, 980, 1040, 1500, and 3900 cm-1).  In con t ras t  to the unsubst i tuted 
t ropy l ium ion, the l as t  two bands show up weakly in the s p e c t r u m  of the indolyl-subst i tu ted tropyliurn 
pe rch lo ra t e .  

E X P E R I M E N T A L  

The IR spec t r a  of KBr  pel le ts  of the compounds were  r eco rded  with a UR-20 s p e c t r o m e t e r .  The py-  
ry l ium sa l t s  we re  obtained by the methods in [10, 11], while the diphenylcyclopropenyl ium and t ropy l ium 
p e r c h l o r a t e s  we re  obtained by the methods in [12, 13], r e spec t ive ly .  

Pyry la t ion  of Aromat i c  and Hete rocyc l ic  Compounds by 2 ,6-Disubs t i tu ted  Py ry l ium Salts. A mix tu re  
of 0.01 mole  of the pyry l ium sa l t  and 0.075 mole  of dimethylani l ine o r  1-methyl indole  in 10-15 ml  of d ry  
d ime thy l fo rmamide  (DMFA) was refluxed fo r30  min.  It was  then cooled, and the prec ip i ta ted  c r y s t a l s  we re  
sepa ra ted ,  washed with e ther ,  d r ied ,  and r e c r y s t a l l i z e d  f r o m  acet ic  acid o r  n i t romethane  (see Table 1). 

1 ,2 -Diphenyl -3- (p -d imethy laminophenyl )cyc lopropenyl ium Pe rch lo ra t e .  A mix tu re  of 2.9 g" (0.01 
mole) of d iphenylcyclopropenyl ium pe rch lo ra t e  and 1.2 g (0.01 mole) of dimethylani l ine in 15 ml  of ace ton i -  
t r i l e  was  ref luxed for  30 rain. E ther  (100 ml) was added, and the mix tu re  was allowed to stand overnight .  
The prec ip i ta ted  c r y s t a l s  w e r e  separa ted ,  washed with e ther ,  and dr ied  to give 3.0 g (73%) of a product  
with mp  180 ~ ( n i t r o m e t h a n e - e t h y l  aceta te) .  Found, %: 66.9; H 5.4; C1 8.4; N 3.3. C23H22CINO 4. Calculated,  
%: C 67.1; H 5.3; C1 8.6; N 3.4. 

1 ,2 -Diphenyl -3- (p-d imethy laminophenyl )cyc lopropene .  The cye lopropenyl ium pe rch lo ra t e  obtained 
above was t r ea t ed  in alcohol  with a sma l l  amount  of ammonia ,  ' a f t e r  which the mix ture  was diluted with 
wa te r ,  and the final product  was isolated.  The yie ld  of product  with mp 115 ~ (from alcohol) was quanti tat ive.  
Found, %: C 88.6; H 6.8; N 4.4. C23H21N. Calculated,  %: C 88.7; H 6.7; N 4.5. 

1 ,2 -Diphenyl -3-  (p-dimethylaminophenyl)  cyc lopropenyl ium Pe rch lo ra t e .  A mix tu re  of 0.62 g (0.002 
mole) of 1 ,2 -d iphenyl -3- (p-d imethy laminophenyl )cyc lopropene  and 0.68 g (0.002 mole)  of t r i by lpe rch lo ra t e  
in 7 ml  of g lac ia l  acet ic  acid was ref luxed for  15 rain, a f t e r  which it was  cooled, and the resul t ing  c r y s t a l s  
we re  separa ted ,  washed with e ther ,  and dr ied  to give 0.61 g (74%) of a product  with mp 265 ~ (from n i t ro -  
methane) .  Found, %: C 67.1; H 4.9; C1 8.5; N 3.3. C23H2~CINO 4. Calculated,  %: C 67.4; H 4.9; C1 8.6; N 3.4. 
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1,2-Diphenyl-3- (1-methyl-3- indolyl) cyclopropenylium Perchlorate.  A solution of 0.58 g (0.002 mole) 
of diphenylcyclopropenylium perchlorate and 0:13 g (0.001 mole) of 1-methylindole in 10 ml of dry acetoni- 
t r i le  was refluxed for 30 rain, af ter  which it was diluted with 30 ml of ether, and the resulting crystals were 
separated, washed with ether, and dried to give 0.22 g (52%) of product. 1,2-Diphenyl-3-(1-methyl-3-in- 
dolyl)cyclopropene with mp 57 ~ (from hexane) was isolated from the filtrate.  Found, %: C 89.5; H 6.1; 
N 4.2. C24H19N. Calculated, %: C 89.7; H 5.9; N 4.4. The latter was converted in the usual way with tr i tyl  
perchlorate to an indolyl-substituted cyclopropenylium perchlorate in 20% yield of product with mp 239 ~ 
(ni tromethane-ether)  was 72%. Found, %: C 68.5; H 4.5; C18.2. C24HlsC1NO 4. Calculated, %: C 68.6; 
H 4.3; C18.5. 

1-Methyl-3-indolyltropylium Perchlorate.  This compound was similarly obtained by cyclopropenyla- 
tion from 1-methylindole and tropylium perchlorate.  When ether was added, the final product with mp 224- 
225 ~ (ni tromethane-ether)  was isolated in 93% yield. Found, %: C 60.4; H 5.0; C111.0; N 4.5. C16H14C104. 
Calculated, %: C 60.1; H 4.4; C111.1; N 4.4. 
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